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Description 

A Novel Method for Production of 
Transformed Dihaploid Corn Plants 

Background of Invention 

[0001] This application claims priority to US provisional applica- 
tion 60/320,021 filed 3/19/2003, herein incorporated by 
reference in its entirety. 

[0002] The present invention relates to the field of plant biotech- 
nology. In particular, provided herein are systems for pro- 
ducing transformed dihaploid corn. 

[0003] Researchers have been challenged for over 50 years to 
develop a system for producing corn haploids routinely 
and at usable frequencies. Doubling of haploids provides 
a fully homozygous inbred in a single generation. The in- 
determinate gametophyte ^genotype has been used to 
produce androgenetic haploids. Anther and microspore 
culture have been utilized extensively. Unfortunately, an- 
ther and microspore culture are time-consuming and 
highly genotype dependent. Wide hybridization crosses 



also have been used with some success in several cereal 
crops but have not been successful with corn. The recent 
development of maize stock 6 into Krasnodar Haploid In- 
ducer (KHI), which induces maternal haploids in many 
genotypes, at commercially useful frequencies, is enabling 
the production of thousands of haploids at a reasonable 
cost (Birchler, James A., In: Maize Handbook, Freeling & 
Walbot (eds) pp. 386-388, 1994). 

[0004] induction and definitive identification of haploids at im- 
mature embryo scutella (IES) stage and production of hap- 
loid seeds, conducive to the production of callus suitable 
for transformation, are expected to produce an instant 
transgenic inbred. Inbreds homozygous for a transgene 
may provide an early identification of gene silencing 
problems in the homozygous state. Instant transgenic in- 
breds will also save at least one generation to first repli- 
cated hybrid field trials and significantly reduce row and 
assay costs for fixing transgenes. 

[0005] The full advantage of haploid technology will be realized if 
the R0 plants can be self pollinated, if the removal of the 
selectable marker is not required, and if there are no 
deleterious somaclonal variations. 

[0006] The current invention describes the identification of hap- 



loids, amplification and transformation of confirmed hap- 
loid callus, doubling the chromosome number of trans- 
formed haploid callus, and then regenerating dihaploid 
plants. The present invention also provides transgenic 
corn plants. In other aspects, the invention relates to the 
production of stably transformed plants, gametes, and 

offspring from these plants. 
Summary of Invention 

[0007] The present invention provides novel methods for the 
production of transformed dihaploid corn plants. 

[0008] | n one aspect the present invention provides a method of 
obtaining a transformed dihaploid plant by obtaining hap- 
loid sporophytic tissue, transforming the haploid sporo- 
phytic tissue, treating the haploid tissue to produce di- 
haploid tissue, and regenerating a transformed dihaploid 
plant therefrom. The sporophytic tissue could be an im- 
mature embryo, a mature embryo, callus, a nodal section, 
or a meristem. The haploid tissue is treated with a chro- 
mosome doubling agent such as colchicine to produce di- 
haploid tissue. 

[0009] in another embodiment, the haploid tissue can be regen- 
erated to produce a haploid plant, which is then treated 
with a chromosome doubling agent to produce a dihap- 



loid plant. 

[0010] | n s ti|| another embodiment the invention relates to a 

novel method of obtaining a transformed dihaploid corn 
plant by isolating a haploid corn tissue, producing haploid 
callus, transforming the haploid callus, treating the callus 
to produced a doubled haploid callus, and regenerating a 
transformed dihaploid corn plant therefrom. 

[° 01 1 ] Still another aspect of the present invention relates to 

transformed plants produced by isolating a haploid corn 
tissue, producing haploid callus, transforming the haploid 
callus, treating the callus to produced a doubled haploid 
callus, and regenerating a transformed dihaploid corn 
plant therefrom. 

[0012] | n another embodiment, a transformed dihaploid corn 
plant can be obtained by isolating haploid corn tissue, 
producing haploid multiple bud cultures, transforming the 
multiple bud cultures, treating the multiple bud cultures 
to produce dihaploids, and regenerating a transformed 
dihaploid corn plant therefrom. 

[0013] in yet another embodiment, haploid corn tissue can be 

isolated by screening methods known to one of skill in the 
art. 

[0014] yet another aspect of the present invention relates to any 



seeds, or progeny of the transformed plants produced by 
the methods of the present invention. 
[0015] Further objects, advantages and aspects of the present in- 
vention will become apparent from the accompanying fig- 
ures and description of the invention. 
Brief Description of Drawings 

[0016] Figure 1 is a plasmid map of pMON30113. 
[° 017 ] Figure 2 is a plasmid map of pMON42073. 
[0018] Figure 3 is a plasmid map of pMON65375. 
Detailed Description 

[0019] The following definitions will aid in the understanding of 
the description of the invention. 

[0020] "Haploid" refers to plant cells with one set (n) of chromo- 
somes. 

[0021] "Dihaploid" or "doubled haploid" refers to plant cells de- 
rived from haploid cells that now have two sets (2n) of 
chromosomes.These plants are homozygous. 

[0022] "Chromosome doubling agent" refers to a chemical that 

doubles the number of chromosomes in the cell. It is usu- 
ally an antimicrotubule agent such as colchicine, pron- 
amide, or APM (amiprophos-methyl). Nitrous oxide has 



also been reported to be a doubling agent (US appl. 
2003/0005479, incorporated by reference herein in its 
entirety). 

[0023] "Callus" refers to a dedifferentiated proliferating mass of 
cells or tissue. 

[0024] "Type I callus" refers to callus that is morphologically 

compact maize callus from which whole plants can be re- 
generated via organogenesis, embryogenesis or a combi- 
nation of the two. 

[0025] "Type II callus" refers to morphologically friable, highly 
embryogenic maize callus (Armstrong and Green, Planta. 
164:207-214. 1985). 

[0026] "Mature seed" refers to a seed harvested from a plant and 
appropriately treated for long term storage and capable of 
germination. 

[0027] "Mature embryo" refers to a zygotic embryo approxi- 
mately 15 days or more after pollination that cannot typi- 
cally produce regenerable callus when cultured invitro. 

[0028] "immature embryo" refers to a zygotic embryo approxi- 
mately 15 days or less after pollination that can typically 
produce regenerable callus when cultured invitro. 

[0029] The term "zygotic embryo" is used to encompass mature 
seed, mature embryos extracted from mature seed, ma- 



ture embryos, or immature embryos capable of germina- 
tion. 

[0030] "Embryogenic culture" refers to dedifferentiated cultured 
plant tissues that regenerate whole plants by passing 
through a developmental sequence similar to that of a zy- 
gote. 

[0031] "Multiple bud culture" refers to a proliferating mass of 

plant tissues organized as a collection of structures simi- 
lar in appearance to a shoot apical meristem. 

[0032] "Nodal section" refers to an excised portion of a germi- 
nating seedling that contains the shoot apical meristem, 
all subtending axillary meristems and associated leaf base 
tissue. 

[0033] "plant growth regulator or plant hormone" refers to com- 
pounds that affect plant growth. The plant growth regula- 
tors include auxins, cytokinins, ABA, gibberellins, ethy- 
lene, brassinosteroids, and polyamines. Auxins affect the 
elongation of shoots and roots at low concentration but 
inhibit growth at higher levels. Commonly used auxins in- 
clude picloram (4-amino-3,5,6-trichloropicolinic acid), 
2,4-D (2,4-dichlorophenoxyacetic acid), IAA 
(indole-3-acetic acid), NAA (a-naphthaleneacetic acid), 
and dicamba (3,6-dichloroanisic acid). Cytokinins cause 



cell division, cell differentiation, and shoot differentiation. 
Commonly used cytokinins include kinetin, BA 
(6-benzylaminopurine), 2-ip (2-isopentenyladenine), BAP 
(6-benzylaminopurine ), thidiazuron (TDZ), zeatin ribo- 
side, and zeatin. 
[0034] "Coding sequence", "coding region" or "open reading 

frame" refers to a region of continuous sequential nucleic 
acid triplets encoding a protein, polypeptide, or peptide 
sequence. 

[0035] "Endogenous" refers to materials originating from within 
the organism or cell. 

[0036] "Exogenous" refers to materials originating from outside 
of the organism or cell. It refers to nucleic acid molecules 
used in producing transformed or transgenic host cells 
and plants. As used herein, exogenous is intended to refer 
to any nucleic acid that is introduced into a recipient cell, 
regardless of whether a similar nucleic acid may already 
be present in such cell. 

[0037] "Genome" refers to the chromosomal DNA of an organism. 
The genome is defined as a haploid set of chromosomes 
of a diploid species. For the purposes of this application, 
genome also includes the organellar genome. 

[0038] "Monocot" or "monocotyledonous" refers to plants having 



a single cotyledon. Examples include cereals such as 
maize, rice, wheat, oat, and barley. 

[0039] "Nucleic acid" refers to deoxyribonucleic acid (DNA) or ri- 
bonucleic acid (RNA). 

[0040] "Phenotype" refers to a trait exhibited by an organism re- 
sulting from the interaction of genotype and environment. 

[0041] "Polyadenylation signal" or "polyA signal" refers to a nu- 
cleic acid sequence located 3' to a coding region that pro- 
motes the addition of adenylate nucleotides to the 3' end 
of the mRNA transcribed from the coding region. 

[0042] "Promoter" or "promoter region" refers to a nucleic acid 
sequence, usually found 5' to a coding sequence, that 
controls expression of the coding sequence by controlling 
production of messenger RNA (mRNA) by providing the 
recognition site for RNA polymerase or other factors nec- 
essary for the start of transcription at the correct site. 

[0043] "Recombinant nucleic acid vector" or "vector" refers to any 
agent such as a plasmid, cosmid, virus, autonomously 
replicating sequence, phage, or linear or circular single- 
or double-stranded DNA or RNA nucleotide segment, de- 
rived from any source, capable of genomic integration or 
autonomous replication, comprising a nucleic acid 
molecule in which one or more nucleic acid sequences 



have been linked in a functionally operative manner. Such 
recombinant nucleic acid vectors or constructs are capable 
of introducing a 5' regulatory sequence or promoter re- 
gion and a DNA sequence for a selected gene product into 
a cell in such a manner that the DNA sequence is tran- 
scribed into a functional mRNA, which is subsequently 
translated into a polypeptide or protein. 

[0044] "Regeneration" refers to the process of growing a plant 
from a plant cell. 

[0045] "Selectable marker" or "screenable marker" refers to a nu- 
cleic acid sequence whose expression confers a pheno- 
type facilitating identification of cells containing the nu- 
cleic acid sequence. 

[0046] "Sporophytic" refers to plants in the phase of the life cycle 
that is characterized by having the double chromosome 
number. This is in contrast to "gametophytic", which in- 
cludes microspores and anther cultures. 

[0047] "Transcription" refers to the process of producing an RNA 
copy from a DNA template. 

[0048] "Transformation" refers to a process of introducing an ex- 
ogenous nucleic acid sequence (vector or construct) into a 
cell or protoplast, in which that exogenous nucleic acid is 
incorporated into the nuclear DNA, plastid DNA, or is ca- 



pable of autonomous replication. 

[0049] "Transgenic" refers to organisms into which an exogenous 
nucleic acid sequence has been integrated. 

[0050] The present invention can be used in monocots and is 
particularly useful for corn. The present invention pro- 
vides a method of obtaining transformed dihaploid corn 
plants. In accordance with the invention, haploid corn tis- 
sue is identified, then haploid callus is produced there- 
from using routine callus induction procedures known in 
the art. Alternatively, callus can be produced followed by 
identification of haploid callus. Then, the haploid callus is 
transformed to insert a gene of interest into the callus. 
The callus is then treated with a doubling agent to pro- 
duce a doubled haploid and then regenerated into a di- 
haploid corn plant. Alternatively, the transformed callus 
could be regenerated into a haploid corn plant that is then 
treated with a doubling agent to produce dihaploid ker- 
nels. Also, multiple bud cultures can be produced from 
haploid corn tissue using routine procedures known in the 
art. The haploid multiple bud cultures can be transformed 
and then treated to produce dihaploid cultures that can 
then be regenerated into a dihaploid corn plant. The in- 
vention provides a transgenic dihaploid plant and a 



method for transformation of plant cells or tissues and 
recovery of the transformed cells or tissues into a differ- 
entiated dihaploid transformed plant. More generally, any 
haploid sporophytic tissue can be transformed, doubled 
to produce dihaploid tissue, and regenerated into a di- 
haploid plant. The dihaploid plants produced are then 
crossed with another inbred plant to produce hybrid 
plants containing the gene of interest. Producing dihap- 
loid plants directly in the transformation process speeds 
up the process of developing a homozygous inbred. In 
traditional transformation methods, a heterozygous indi- 
vidual is produced that must be crossed back into the 
parent germline until a homozygous line is produced. 
Producing a transformed dihaploid eliminates the back 
crossing because a homozygote is produced directly. The 
dihaploid line is then used in a corn breeding program 
like any other homozygous inbred. 
[0051] Some genetic stocks, when crossed as male onto a wide 
range of corn germplasm, induce a high frequency of ma- 
ternal haploids. An example of such a genetic stock is 
Stock6 developed by the Krasnodar Institute in Russia 
(KHI1). In addition to a high rate of maternal haploid in- 
duction, KHI1 also conditions strong anthocyanin pigmen- 



tation in the aleurone tissue in the crown region of the 
kernel and in the embryo. This visible marker can be used 
to identify the maternal haploids. The maternal haploid 
kernels possess colored crowns due to normal fertilization 
and development of the endosperm, but colorless em- 
bryos, if the female parent is non-pigmented (Birchler, 
1994. In: Maize Handbook, Freeling & Walbot (eds) pp. 
386-388; Chang, 1992. Maize Genetics Newsletter, 66: 
163-164). 

[0052] The corn line pollinated by KHI1 will have a low percent- 
age (5 to 10%) of its kernels being haploid. These polli- 
nated ears can be harvested approximately 9 to 12 days 
post pollination, when the immature embryos are 1.5 to 
2.0 mm in length and cultured on a variety of corn callus 
induction media known to the art (for example D medium, 
as described in Duncan et al., Planta 165:322-332, 1985) 
to produce regenerable corn callus. The haploid and 
diploid embryos isolated for callus induction will differ in 
their size, with haploid immature embryos being signifi- 
cantly smaller than diploid embryos. There is a consider- 
able natural variation in embryo size on the same ear. 
Therefore, immature embryo size comparisons are most 
useful from the kernels in the same vicinity on an ear. 



Callus derived from these small embryos can be verified 
to be haploid by flow cytometric methods such as that 
outlined by Arumuganathan & Earle (Plant Molecular Biol- 
ogy Reporter. 9:229-233, 1991). 

[0053] Producing haploid callus from immature embryos can be a 
difficult task because only a small percentage of the har- 
vested ear will be haploid and screening by flow cytometry 
and other methods known to one of skill in the art can be 
time consuming. A more efficient means to produce hap- 
loid callus is to use seedlings from mature seeds, because 
the haploid seeds are color marked and easily identified. 

[0054] An efficient identification of corn haploid immature em- 
bryos, and callus derived from them, can be achieved by 
using the negative selectable marker gene pehA 
(phosphonate monoesterase). Cells that express the pehA 
gene convert the non-toxic glycerol glyphosate to toxic 
glyphosate and subsequently die. It is understood, how- 
ever, that other negative selectable marker genes such as 
cytosine deaminase (which converts 5-fluorocytosine to 
5-fluorouracil, which is toxic to cell growth [Plant Cell Re- 
ports 2001; 20:738-743]) may also be used equally effec- 
tively. 

[0055] inbred lines selected for the production of haploid imma- 



ture embryos or callus can be pollinated with KHI that has 
been transformed with, and is homozygous for, the se- 
lectable marker gene pehA. After culturing on media con- 
taining glyceryl glyphosate, diploid (pehA containing) ex- 
plants fail to grow, whereas maternal haploid explants 
produce callus typical of the maternal inbred. 

[0056] Alternatively to the use of glycerol glyphosate, embryos or 
callus can be visually screened for pehA by using the XPP 
(5-bromo-4-chloro-indolyl phenylphosphonate) assay. 
Phosphonate monoesterase converts the XPP to a dark 
blue color, indicating the presence of the expressing pehA 
gene. This destructive assay allows for the rapid determi- 
nation of pehA expression. The use of glycerol glyphosate 
requires time for the death of cells due to the presence of 
phosphonate monoesterase generated glyphosate. 

[0057] Once the haploid mature corn seed is identified, it is then 
germinated in a media containing growth hormones. A 
mixture of an auxin and a cytokinin gives the best re- 
sponse. Auxins or cytokinins alone appear to give some 
effect, but the combination is more effective in producing 
embryogenic callus. Auxins affect the elongation of 
shoots and roots at low concentration but inhibit growth 
at higher levels. Commonly used auxins include picloram 



(4-amino-3,5,6-trichloropicolinic acid), 2,4-D 
(2,4-dichlorophenoxyacetic acid), IAA (indole-3-acetic 
acid), NAA (a-naphthaleneacetic acid), and dicamba 
(3,6-dichloroanisic acid). Cytokinins cause cell division, 
cell differentiation, and shoot differentiation. Commonly 
used cytokinins include kinetin, BA 
(6-benzylaminopurine), 2-ip (2-isopentenyladenine), BAP 
(6-benzylaminopurine), thidiazuron (TDZ), zeatin riboside, 
and zeatin. One of skill in the art could easily test combi- 
nations of auxins and cytokinins to arrive at alternative 
combinations. In the current invention, picloram and BAP 
are used based on cost and performance. Also, 2,4-D 
would be an attractive auxin based on cost. The concen- 
tration of picloram could be from about 0.5 mg/L to 
about 20 mg/L or from about 1 mg/L to about 15 mg/L or 
from about 1 mg/L to about 10 mg/L. The concentration 
of BAP could be from about 0.1 mg/L to about 10 mg/L or 
from about 0.5 mg/L to about 5 mg/L or from about 1 
mg/L to about 3 mg/L. The ratio of auxin to cytokinin 
would not be expected to be the same across different 
pairs of compounds because of the differing activity levels 
of each compound. The ratio between auxin and cy- 
tokinins (with other phytohormones) in the plant tissue is 



thought to determine the developmental path the plant 
tissue will take. The combinations of auxin and cytokinins 
described in this invention are particularly useful for facil- 
itating the induction of embryogenic callus from the apical 
and nodal regions of seedlings. One of skill in the art 
could predict reasonable concentrations of auxins and cy- 
tokinins that would work in the invention based on the 
knowledge of the potency of each compound. 

[0058] The seeds may also be primed prior to germination. Seed 
priming can be done in many ways known to those of skill 
in the art. Typically, seeds are gas sterilized, then coated 
with wet clay and fungicide and incubated at about 28°C 
for 2 days in the dark. Then the seeds are placed at 15°C 
for 5 days in the dark, followed by 2 days at 23°C or 28°C 
in the light. The clay can be wet with water, which appears 
to be most efficient, or with the media used for germina- 
tion. Priming promotes more uniform germination be- 
tween seeds and enhances the callus induction of the iso- 
lated nodal sections. 

[0059] Once the seeds have been germinated in media containing 
growth hormones as described above, nodal sections can 
be obtained for further use. At 3 days, the nodal region is 
large enough to excise. After 7-10 days, the seedlings are 



about 3-4 cm long and easily handled. The portion of the 
seedling containing the coleoptile node and about 2-5 
mm of subtending mesocotyl tissue and 2-5 mm of leaf 
tissue above the shoot apical meristem (about 0.5 cm) is 
cut and then split longitudinally. More callus response is 
obtained from the tissue as the seedling ages. After ap- 
proximately 30 days, there is callus on the plant itself at 
the nodal region. 

[0060] isolated nodal sections are then placed on callus induction 
media. The appropriate callus induction media will depend 
upon the genotype. The callus induction media that works 
for callus induction of immature embryos in a genotype 
also seems to work for pre-treated nodal sections. Any 
appropriate callus induction media can be used in the 
present invention. A portion of the induced callus will be 
incapable of regenerating plants, but a person skilled in 
the art of tissue culture can easily separate the callus 
types to produce a maintainable and regenerable callus 
useful in transformation or other tissue culture purposes 
(Duncan & Widholm, Plant Science, 61: 91-103,1989). 

[0061] Multiple bud cultures can be obtained and transformed by 
the method of US 5,767,368, herein incorporated by ref- 
erence in its entirety. Multiple bud cultures would be initi- 



ated from the haploid material, and suitable doubling 
protocols as described subsequently would be used to 
produce dihaploid plants. 
[0062] Any of the material produced by the preceding can be 
used in a transformation protocol to produce transgenic 
plants. 

[0063] jo initiate a transformation process in accordance with 

the present invention, it is first necessary to select genetic 
components to be inserted into the plant cells or tissues. 
Genetic components can include any nucleic acid that is 
introduced into a plant cell or tissue using the method ac- 
cording to the invention. Genetic components can include 
non-plant DNA, plant DNA or synthetic DNA. 

[0064] | n a preferred embodiment, the genetic components are 
incorporated into a DNA composition such as a recombi- 
nant, double-stranded plasmid or vector molecule com- 
prising at least one or more of following types of genetic 
components: (a) a promoter that functions in plant cells to 
cause the production of an RNA sequence, (b) a structural 
DNA sequence that causes the production of an RNA se- 
quence that encodes a product of agronomic utility, and 
(c) a 3' non-translated DNA sequence that functions in 
plant cells to cause the addition of polyadenylated nu- 



cleotides to the 3' end of the RNA sequence. 
[0065] The vector may contain a number of genetic components 
to facilitate transformation of the plant cell or tissue and 
regulate expression of the desired gene(s). In one pre- 
ferred embodiment, the genetic components are oriented 
so as to express a mRNA, that in one embodiment can be 
translated into a protein. The expression of a plant struc- 
tural coding sequence (a gene, cDNA, synthetic DNA, or 
other DNA) that exists in double-stranded form involves 
transcription of messenger RNA (mRNA) from one strand 
of the DNA by RNA polymerase enzyme and subsequent 
processing of the mRNA primary transcript inside the nu- 
cleus. This processing involves a 3" non-translated region 
that adds polyadenylated nucleotides to the 3" ends of the 
mRNA. 

[0066] Means for preparing plasmids or vectors containing the 
desired genetic components are well known in the art. 
Vectors typically consist of a number of genetic compo- 
nents, including but not limited to regulatory elements 
such as promoters, leaders, introns, and terminator se- 
quences. Regulatory elements are also referred to as cis- 
or trans-regulatory elements, depending on the proximity 
of the element to the sequences or gene(s) they control. 



[0067] Transcription of DNA into mRNA is regulated by a region 
of DNA usually referred to as the "promoter". The pro- 
moter region contains a sequence of bases that signals 
RNA polymerase to associate with the DNA and to initiate 
the transcription into mRNA using one of the DNA strands 
as a template to make a corresponding complementary 
strand of RNA. 

[0068] a number of promoters that are active in plant cells have 
been described in the literature. Such promoters would 
include but are not limited to the nopaline synthase (NOS) 
and octopine synthase (OCS) promoters that are carried 
on tumor- inducing plasmids of Agrobacterium tumefaciens, 
the caulimovirus promoters such as the cauliflower mosaic 
virus (CaMV) 19S and 35S promoters and the figwort mo- 
saic virus (FMV) 35S promoter, the enhanced CaMV35S 
promoter (e35S), the light-inducible promoter from the 
small subunit of ribulose bisphosphate carboxylase 
(ssRUBISCO, a very abundant plant polypeptide). All of 
these promoters have been used to create various types of 
DNA constructs that have been expressed in plants 

[0069] Promoter hybrids can also be constructed to enhance 

transcriptional activity (U.S. Patent No. 5,106,739), or to 
combine desired transcriptional activity, inducibility and 



tissue specificity or developmental specificity. Promoters 
that function in plants include but are not limited to pro- 
moters that are inducible, viral, synthetic, constitutive as 
described, and temporally regulated, spatially regulated, 
and spatio-temporally regulated. Other promoters that 
are tissue-enhanced, tissue-specific, or developmentally 
regulated are also known in the art and envisioned to have 
utility in the practice of this invention. 

[0070] Promoters may be obtained from a variety of sources such 
as plants and plant DNA viruses and include, but are not 
limited to, the CaMV35S and FMV35S promoters and pro- 
moters isolated from plant genes such as ssRUBISCO 
genes. As described below, it is preferred that the partic- 
ular promoter selected should be capable of causing suf- 
ficient expression to result in the production of an effec- 
tive amount of the gene product of interest. 

[0071] Th e promoters used in the DNA constructs (i.e., chimeric/ 
recombinant plant genes) of the present invention may be 
modified, if desired, to affect their control characteristics. 
Promoters can be derived by means of ligation with oper- 
ator regions, random or controlled mutagenesis, etc. Fur- 
thermore, the promoters may be altered to contain multi- 
ple "enhancer sequences" to assist in elevating gene ex- 



pression. 

[0072] The mRNA produced by a DNA construct of the present 
invention may also contain a 5' non-translated leader se- 
quence. This sequence can be derived from the promoter 
selected to express the gene and can be specifically mod- 
ified so as to increase translation of the mRNA. The 5' 
non-translated regions can also be obtained from viral 
RNAs, from suitable eukaryotic genes, or from a synthetic 
gene sequence. Such "enhancer" sequences may be desir- 
able to increase or alter the translational efficiency of the 
resultant mRNA. The present invention is not limited to 
constructs wherein the non-translated region is derived 
from both the 5' non-translated sequence that accompa- 
nies the promoter sequence. Rather, the non-translated 
leader sequence can be derived from unrelated promoters 
or genes(see, for example U. S. Patent 5,362,865). Other 
genetic components that serve to enhance expression or 
affect transcription or translational of a gene are also en- 
visioned as genetic components. 

[0073] The 3' non-translated region of the chimeric constructs 

should contain a transcriptional terminator, or an element 
having equivalent function, and a polyadenylation signal 
that functions in plants to cause the addition of 



polyadenylated nucleotides to the 3' end of the RNA. Ex- 
amples of suitable 3' regions are (1) the 3' transcribed, 
non-translated regions containing the polyadenylation 
signal of Agrobacterium tumor-inducing (Ti) plasmid genes, 
such as the nopaline synthase (NOS) gene, and (2) plant 
genes such as the soybean storage protein genes and the 
small subunit of the ribulose-l,5-bisphosphate carboxy- 
lase (ssRUBISCO) gene. An example of a preferred 3' re- 
gion is that from the ssRUBISCO E9 gene from pea 
(European Patent Application 0385 962). 
[0074] Typically, DNA sequences located a few hundred base 

pairs downstream of the polyadenylation site serve to ter- 
minate transcription. The DNA sequences are referred to 
herein as transcription-termination regions. The regions 
are required for efficient polyadenylation of transcribed 
messenger RNA (mRNA) and are known as 3' non- 
translated regions. RNA polymerase transcribes a coding 
DNA sequence through a site where polyadenylation oc- 
curs. 

[0075] | n one preferred embodiment, the vector contains a se- 
lectable, screenable, or scoreable marker gene. These ge- 
netic components are also referred to herein as functional 
genetic components, as they produce a product that 



serves a function in the identification of a transformed 
plant, or a product of agronomic utility. The DNA that 
serves as a selection device functions in a regenerable 
plant tissue to produce a compound that would confer 
upon the plant tissue resistance to an otherwise toxic 
compound. A number of selectable marker genes are 
known in the art and can be used in the present invention. 
Genes of interest for use as a selectable, screenable, or 
scorable marker would include but are not limited to GUS, 
green fluorescent protein (GFP), luciferase (LUX), antibi- 
otics like kanamycin (Dekeyser et al., Plant Physiol., 
90:217-223, 1989), and herbicides like glyphosate 
(Della-Cioppa et al., Bio/Technology, 5:579-584, 1987). 
Other selection devices can also be implemented includ- 
ing but not limited to tolerance to phosphinothricin, 
bialaphos, and positive selection mechanisms and would 
still fall within the scope of the present invention. 
[0076] The present invention can be used with any suitable plant 
transformation plasmid or vector containing a selectable 
or screenable marker and associated regulatory elements 
as described, along with one or more nucleic acids ex- 
pressed in a manner sufficient to confer a particular de- 
sirable trait. Examples of suitable structural genes of 



agronomic interest envisioned by the present invention 
would include but are not limited to genes for insect or 
pest tolerance, herbicide tolerance, genes for quality im- 
provements such as yield, nutritional enhancements, envi- 
ronmental or stress tolerances, or any desirable changes 
in plant physiology, growth, development, morphology or 
plant product(s). 
[0077] Alternatively, the DNA coding sequences can effect these 
phenotypes by encoding a non-translatable RNA molecule 
that causes the targeted inhibition of expression of an en- 
dogenous gene, for example via antisense- or cosuppres- 
sion-mediated mechanisms (see, for example, Bird et al., 
Biotech Gen. Engin. Rev., 9:207-227, 1991). The RNA 
could also be a catalytic RNA molecule (i.e., a ribozyme) 
engineered to cleave a desired endogenous mRNA product 
(see for example, Gibson and Shillitoe, Mol. Biotech. 
7:125-137, 1997). More particularly, for a description of 
anti-sense regulation of gene expression in plant cells see 
U.S. Patent 5,107,065 and for a description of gene sup- 
pression in plants by transcription of a dsRNA see U.S. 
Patent 6,506,559, U.S. Patent Application Publication No. 
2002/0168707 Al, and U.S. Patent Applications Serial No. 
09/423,143 (see WO 98/53083), 09/127,735 (see WO 



99/53050) and 09/084,942 (see WO 99/61631), all of 
which are incorporated herein by reference. Thus, any 
gene that produces a protein or mRNA that expresses a 
phenotype or morphology change of interest is useful for 
the practice of the present invention. 
[0078] Exemplary nucleic acids that may be introduced by the 
methods encompassed by the present invention include, 
for example, DNA sequences or genes from another 
species, or even genes or sequences that originate with or 
are present in the same species, but are incorporated into 
recipient cells by genetic engineering methods rather than 
classical reproduction or breeding techniques. However, 
the term exogenous is also intended to refer to genes that 
are not normally present in the cell being transformed, or 
perhaps simply not present in the form, structure, etc., as 
found in the transforming DNA segment or gene, or genes 
that are normally present yet that one desires, e.g., to 
have over-expressed. Thus, the term "exogenous" gene or 
DNA is intended to refer to any gene or DNA segment that 
is introduced into a recipient cell, regardless of whether a 
similar gene may already be present in such a cell. The 
type of DNA included in the exogenous DNA can include 
DNA that is already present in the plant cell, DNA from 



another plant, DNA from a different organism, or a DNA 
generated externally, such as a DNA sequence containing 
an antisense message of a gene, or a DNA sequence en- 
coding a synthetic or modified version of a gene. 

[0079] | n |jght of this disclosure, numerous other possible se- 
lectable or screenable marker genes, regulatory elements, 
and other sequences of interest will be apparent to those 
of skill in the art. Therefore, the foregoing discussion is 
intended to be exemplary rather than exhaustive. 

[0080] The technologies for the introduction of DNA into cells are 
well known to those of skill in the art and can be divided 
into categories including but not limited to: (1) chemical 
methods; (2) physical methods such as microinjection, 
electroporation, and the gene gun; (3) viral vectors;(4) re- 
ceptor-mediated mechanisms; and (5) Agrobacterium- 
mediated plant transformation methods. 

[0081] until recently, the methods employed for some monocot 
species included direct DNA transfer into isolated proto- 
plasts and microprojectile-mediated DNA delivery. The 
protoplast methods have been widely used in rice, where 
DNA is delivered to the protoplasts through liposomes, 
PEG, and electroporation. U.S. patent number 5,631,152 
describes a rapid and efficient microprojectile bombard- 



ment method for the transformation and regeneration of 
monocots and dicots. Microparticle-mediated transforma- 
tion refers to the delivery of DNA coated onto microparti- 
cles that are propelled into target tissues by several meth- 
ods. 

[0082] Agrobacterium-medlated transformation is achieved 

through the use of a genetically engineered soil bacterium 
belonging to the genus Agrobacterium. Several Agrobac- 
terium species mediate the transfer of a specific DNA 
known as "T-DNA", that can be genetically engineered to 
carry any desired piece of DNA into many plant species. 
The major events marking the process of T-DNA mediated 
pathogenesis are induction of virulence genes, and pro- 
cessing and transfer of T-DNA. 

[0083] For Agrobacterium- mediated transformation, after the con- 
struction of the plant transformation vector or construct, 
said nucleic acid molecule, prepared as a DNA composi- 
tion in vitro, is introduced into a suitable host such as E. 
coli and mated into another suitable host such asAgrobac- 
terium, or directly transformed into competent Agrobac- 
terium. These techniques are well-known to those of skill 
in the art and have been described for a number of plant 
systems including soybean, cotton, and wheat (see, for 



example U. S. Patent Nos. 5,569,834, 5,159,135, and WO 
97/48814, herein incorporated by reference in their en- 
tirety). 

[0084] The present invention encompasses the use of bacterial 
strains to introduce one or more genetic components into 
plants. Those of skill in the art would recognize the utility 
of Agrobacterium- mediated transformation methods. A 
number of wild-type and disarmed strains of Agrobacterium 
tumefaciens and Agrobacterium rhizogenes harboring Ti or Ri 
plasmids can be used for gene transfer into plants. 
Preferably, the Agrobacterium hosts contain disarmed Ti 
and Ri plasmids that do not contain the oncogenes that 
cause tumorigenesis or rhizogenesis, respectfully, which 
are used as the vectors and contain the genes of interest 
that are subsequently introduced into plants. Preferred 
strains would include but are not limited to Agrobacterium 
tumefaciens strain C58, a nopaline-type strain that is used 
to mediate the transfer of DNA into a plant cell, octopine- 
type strains such as LBA4404or succinamopine-type 
strains, e.g., EHA101 or EHA105. The use of these strains 
for plant transformation has been reported and the meth- 
ods are familiar to those of skill in the art. 

[0085] The explants can be from a single genotype or from a 



combination of genotypes. Any corn seed that can germi- 
nate is a viable starting material. In a preferred embodi- 
ment, superior explants from plant hybrids can be used as 
explants. For example, a fast-growing cell line with a high 
culture response (higher frequency of embryogenic callus 
formation, growth rate, plant regeneration frequency, etc.) 
can be generated using hybrid embryos containing several 
genotypes. In a preferred embodiment an Fl hybrid or 
first generation offspring of cross-breeding can be used 
as a donor plant and crossed with another genotype. 
Those of skill in the art are aware that heterosis, also re- 
ferred to herein as "hybrid vigor", occurs when two in- 
breds are crossed. The present invention thus encom- 
passes the use of an explant resulting from a three-way 
or "triple hybrid" cross, wherein at least one or more of 
the inbreds is highly regenerable and transformable, and 
the transformation and regeneration frequency of the 
triple hybrid explant exceeds the frequencies of the in- 
breds individually. Other tissues are also envisioned to 
have utility in the practice of the present invention. 
[0086] Any suitable plant culture medium can be used. Examples 
of suitable media would include but are not limited to MS- 
based media (Murashige and Skoog, Physiol. Plant, 



15:473-497, 1962) or N6-based media(Chu et al., Scien- 
tia Sinica 18:659, 1975) supplemented with additional 
plant growth regulators including but not limited to aux- 
ins such as picloram (4-amino-3,5,6-trichloropicolinic 
acid), 2,4-D (2,4-dichlorophenoxyacetic acid) and 
dicamba (3,6-dichloroanisic acid); cytokinins such as BAP 
(6-benzylaminopurine ) and kinetin; ABA; and gib- 
berellins. Other media additives can include but are not 
limited to amino acids, macroelements, iron, microele- 
ments, inositol, vitamins and organics, carbohydrates, un- 
defined media components such as casein hydrolysates, 
with or without an appropriate gelling agent such as a 
form of agar, such as a low melting point agarose or Gel- 
rite if desired. Those of skill in the art are familiar with the 
variety of tissue culture media, which when supplemented 
appropriately, support plant tissue growth and develop- 
ment and are suitable for plant transformation and regen- 
eration. These tissue culture media can either be pur- 
chased as a commercial preparation, or custom prepared 
and modified. Examples of such media would include but 
are not limited to Murashige and Skoog (Murashige and 
Skoog, Physiol. Plant, 15:473-497, 1962) , N6 (Chu et al., 
Scientia Sinica 18:659, 1975), Linsmaier and Skoog 



(Linsmaier and Skoog, Physio. Plant., 18: 100, 1965), 
Uchimiya and Murashige (Uchimiya and Murashige, Plant 
Physiol. 15:473, 1962), Gamborg's media (Gamborg et al., 
Exp. Cell Res., 50:151, 1968), D medium (Duncan et al., 
Planta, 165:322-332, 1985), McCown's Woody plant me- 
dia (McCown and Lloyd, HortScience 16:453, 1981), Nitsch 
and Nitsch (Nitsch and Nitsch, Science 163:85-87, 1969), 
and Schenk and Hildebrandt (Schenk and Hildebrandt, 
Can. J. Bot. 50:199-204, 1972) or derivations of these 
media supplemented accordingly. Those of skill in the art 
are aware that media and media supplements such as nu- 
trients and growth regulators for use in transformation 
and regeneration and other culture conditions such as 
light intensity during incubation, pH, and incubation tem- 
peratures that can be optimized for the particular variety 
of interest. 

[0087] Once the transformable plant tissue is isolated or devel- 
oped in tissue culture, the next step of the method is in- 
troducing the genetic components into the plant tissue. 
This process is also referred to herein as "transformation." 
The plant cells are transformed and each independently 
transformed plant cell is selected. The independent trans- 
formants are referred to as transgenic events. A number 



of methods have been reported and can be used to insert 
genetic components into transformable plant tissue. 

[0088] Those of skill in the art are aware of the typical steps in 
the plant transformation process. The Agrobacterium can 
be prepared either by inoculating a liquid such as Luria 
Burtani (LB) media directly from a glycerol or streaking the 
Agrobacterium onto a solidified media from a glycerol, al- 
lowing the bacteria to grow under the appropriate selec- 
tive conditions. Those of skill in the art are familiar with 
procedures for growth and suitable culture conditions for 
Agrobacterium as well as subsequent inoculation proce- 
dures. The density of the Agrobacterium culture used for 
inoculation and the ratio of Agrobacterium cells to explant 
can vary from one system to the next, and therefore opti- 
mization of these parameters for any transformation 
method is expected. 

[0089] The next stage of the transformation process is the inocu- 
lation. In this stage the explants and Agrobacterium cell 
suspensions are mixed together. The duration and condi- 
tion of the inoculation and Agrobacterium cell density will 
vary depending on the plant transformation system. 

[0090] After inoculation any excess Agrobacterium suspension can 
be removed and theAgrobacterium and target plant material 



are co-cultured. The co-culture refers to the time post- 
inoculation and prior to transfer to a delay or selection 
medium. Any number of plant tissue culture media can be 
used for the co-culture step. Plant tissues after inocula- 
tion with Agrobacteriwn can be cultured in a liquid or semi- 
solid media. The co-culture is typically performed for 
about one to three days. 

[0091] After co-culture with Agrobacteriwn, the explants typically 
can be placed directly onto selective media. Alternatively, 
after co-culture with Agrobacteriwn, the explants could be 
placed on media without the selective agent and subse- 
quently placed onto selective media. Those of skill in the 
art are aware of the numerous modifications in selective 
regimes, media, and growth conditions that can be varied 
depending on the plant system and the selective agent. 
Typical selective agents include but are not limited to an- 
tibiotics such as geneticin (G418), kanamycin, paro- 
momycin or other chemicals such as glyphosate. Addi- 
tional appropriate media components can be added to the 
selection or delay medium to inhibit Agrobacteriwn growth. 
Such media components can include, but are not limited 
to, antibiotics such as carbenicillin or cefotaxime. 

[0092] when a sufficient amount of transgenic callus has grown 



(approximately 0.25 g), the haploid callus can be doubled 
to produce dihaploid callus. The callus can be transferred 
to a 100x20 mm petri plate that contains a structure for 
supporting callus in a liquid medium such as three filter 
papers or 2 pieces of 100% acrylic felt. Those of skill in 
the art are aware of the numerous modifications to liquid 
media for supporting cultured tissues. To the Petri dish 
can be added a suitable culture medium lacking selection 
agents but containing 0.025% colchicine or other chromo- 
some doubling agents such as Oryzalin, pronamide, or 
APM (amiprophos-methyl) as known to one of skill in the 
art (i.e., Wan et al., Theor. Appl. Genet., 81: 205-211, 
1991). Enough medium and chromosome doubling agent 
is added to the Petri dish to keep the callus support moist, 
but not so much that it covers the callus. The callus is 
then incubated at 28°C for 3 days in the dark. 
[0093] After the 3 days, the callus is removed from the Petri dish 
and placed again on fresh selection medium for another 
2-week culture period. The cultures are subsequently 
transferred to a media suitable for the recovery of trans- 
formed plantlets. Those of skill in the art are aware of the 
number of methods to recover transformed plants. A vari- 
ety of media and transfer requirements can be imple- 



merited and optimized for each plant system for plant 
transformation and recovery of transgenic plants. Conse- 
quently, such media and culture conditions disclosed in 
the present invention can be modified or substituted with 
nutritionally equivalent components, or similar processes 
for selection and recovery of transgenic events, and still 
fall within the scope of the present invention. 

[0094] Haploid plants can also be produced by this regeneration 
method. The haploid plants are then treated with a chro- 
mosome doubling agent to produce dihaploid seeds, 
which can then be grown into dihaploid plants. 

[0095] The transformants produced are subsequently analyzed to 
determine the presence or absence of a particular nucleic 
acid of interest contained on the transformation vector. 
Molecular analyses can include but is not limited to 
Southern blots (Southern, Mol. Biol., 98:503-517, 1975), 
or PCR (polymerase chain reaction) analyses, immunodi- 
agnostic approaches, and field evaluations. These and 
other well known methods can be performed to confirm 
the stability of the transformed plants produced by the 
methods disclosed. These methods are well known to 
those of skill in the art and have been reported (See for 
example, Sambrook et. al., Molecular Cloning, A Labora- 



tory Manual, 1989). To verify that the haploid tissues were 
doubled, callus prior to plant regeneration or regenerated 
plants can be analyzed by flow cytometry, counting 
chloroplasts in guard cells or by rooting smears. These 
methods are also well known to those of skill in the art 
and have been reported (See for example, Burnham, In: 
Maize for biological research, 1982; Arumuganathan & 
Earle, Plant Molecular Biology Reporter, 9: 229-233, 1991; 
Wan et al., In Vitro Cell Dev. Biol., 28P: 87-89, 1992). 
[0096] Those of skill in the art will appreciate the many advan- 
tages of the methods and compositions provided by the 
present invention. The following examples are included to 
demonstrate the preferred embodiments of the invention. 
It should be appreciated by those of skill in the art that 
the techniques disclosed in the examples that follow rep- 
resent techniques discovered by the inventors to function 
well in the practice of the invention, and thus can be con- 
sidered to constitute preferred modes for its practice. 
However, those of skill in the art should, in light of the 
present disclosure, appreciate that many changes can be 
made in the specific embodiments that are disclosed and 
still obtain a like or similar result without departing from 
the spirit and scope of the invention. All references cited 



herein are incorporated herein by reference to the extent 
that they supplement, explain, provide a background for, 
or teach methodology, techniques, or compositions em- 
ployed herein. 

[0097] EXAMPLES 

[0098] EXAMPLE 1 

[0099] Production ofHaploid Seed 

[0100] Haploid Embryo Induction 

[0101] jo produce haploid embryos for tissue culture, corn plants 
from inbred lines A, B, C or D were pollinated with KHI Se- 
lect C 2 pollen in greenhouse. The immature ears were har- 
vested 11 days after pollination. After 1 day at 4° C in the 
dark, the immature embryos were removed from the ker- 
nels and plated on media 201W (N6 salts; N6 vitamins, 1 
mL/L; glycine, 1 mL/L of 2 mg/mL; 2,4-D, 1 mL/L of 1 
mg/mL; casein hydrolysate, 100 mg/L; proline, 2.9g/L; 
sucrose, 20g/L; agar, 2g/L; AgN0 3 3.4 mL/L of 2 mg/mL; 
pH 5.8). The plates were then incubated in the dark at 
28°C. 

[° 1 °2] Haploid Calli Identification 

[0103] Kernels with haploid embryos had normally developing 



endosperm (3N) and were similar to kernels with diploid 
embryos. Therefore, kernels with haploid and diploid em- 
bryos were indistinguishable based on their shape, size, 
or appearance. Haploid embryos, however, usually grew 
more slowly than diploid embryos. Thus haploid and 
diploid embryos isolated from 9- to 12-day-old (or older) 
were significantly smaller and could be separated from 
their diploid counterpart. There was considerable natural 
variation in embryo size on the same ear. For example, 
immature embryos from the top part of the ear were usu- 
ally smaller than those at the bottom part of the ear. 
Therefore, immature embryo size comparisons were use- 
ful for the kernels in the same vicinity. Any misidentified 
diploid immature embryos and call i were discarded by 
first determining their DNA content by using flow cytome- 
try. 

[0104] Type I and type II callus from haploid immature embryos 
was very similar to that produced by diploid immature 
embryos of maternal parent (selfed ears) and visibly dif- 
ferent from callus from Fl embryo from crosses with KHI. 
In addition, haploid callus, probably because of small em- 
bryo size, was initially slow growing (compared to the Fl 
immature embryos with KHI and diploid maternal imma- 



ture embryos). After growing on 20 1W media for ~13 
days, callus from selfed ears was compared to callus from 
the ears crossed with KHI. Callus that resembled the 
selfed control was selected for flow cytometry analysis. 
For those selected, the callus was divided in half, and one 
piece of callus was used for flow cytometry analysis. The 
samples were prepared in the following manner. Callus 
was placed in 20/60 mm petri plate with 200 uL of PI 
Buffer (5 mM HEPES; lOmM MgSO *7H O; 50 mM KCI; 
6mM DTT; pH 8.0; 0.25% Triton X-100) and placed on ice. 
Callus was not allowed to become dry. The samples were 
chopped vigorously with a razor for 2 minutes or until 
only very fine particles remained. The razor was rinsed in 
800 ul_ of PI buffer, which was added to the plate. The 
samples were filtered through a 30 urn filcon filter (DAKO 
CN 15130) into a 1.5 ml_ centrifuge tube. The samples 
were centrifuged for five seconds at 15,000 rpm, the su- 
pernatant was pored off, and 400 uL of PI buffer with 2.4 
ul_ of propidium iodide (5 mg/mL) was added. The sam- 
ples were resuspended by vortexing gently and then incu- 
bated at 37°C for 15 min. Samples were stored on ice in 
the dark until they were analyzed. The samples were ana- 
lyzed using the flow cytometer (Coulter EPICS XL-MCL). 



Callus that was found to be haploid was transferred to 
fresh 201 W media and labeled as haploid. 
[0105] Haploid callus can be consistently identified visually with 
greater than 33% accuracy using this method, as shown in 
Table 1. Combining this visual observation with flow cy- 
tometry was very efficient for identifying haploid lines. 
Table 1 shows that putative haploid lES (immature embryo 
scutella) and calli may be selected based on their size, 
callus type and morphology. With experience it should be 
possible to increase the frequency of identification of 
haploid lES and calli. 



Table 1: Flow cytometer analysis of IES and calli selected using various criteria 



Selection criteria 


Total assayed 


Identified haploid 


Percent haploid 


IES size (A x KHI) 


31 


12 


38.7 


IES size (BxKHI) 


8 


3 


37.5 


Callus selected on type, 


25 


9 


36 


size, morphology 








As above, selected 


12 


3 


25 


twice 








Selected on callus type 


23 


9 


39.1 


and size 








Unselected IES 


1031 (not all 
assayed) 


38 


3.7 



Identification of haploid immature embryos and callus us- 
ing negative selectable marker gene, pehA 
Inbred lines selected for the production of haploid imma- 
ture embryos or callus were pollinated with KHI that had 
been transformed with, and was homozygous for, the se- 
lectable marker gene peYiA. The resulting ears were har- 



[0107] 
[0108] 



vested when their embryos were 1.25 to 2.25mm in size. 
Immature embryos were plated on suitable culture media 
to induce the desired type of callus. The media also con- 
tained glyceryl glyphosate at levels from 0 to 5 mM to de- 
termine the appropriate selection level. 
[0109] After 10 to 14 days on the callus induction medium, 
diploid (pehA containing) immature embryos failed to 
grow, whereas maternal haploid immature embryos pro- 
duced callus typical of maternal inbred. These haploid 
calli were confirmed to be haploid by flow cytometry. 
Also, these haploid calli were amplified and used for 
transformation to produce dihaploid transgenic cultures. 
They may also be used to produce fully a homozygous di- 
haploid inbred. 

[0110] Callus from crosses of corn line C X KHI / pehA and corn 
line A X KHI / pehA were visually screened for pehA by us- 
ing XPP assays and some were found to be positive, indi- 
cating the presence of the pehA gene (Table 2). The fact 
that some pehA positive calli grew suggests that the glyc- 
erol glyphosate selection levels could be higher to be to- 
tally effective. 

[0111] 



Table 2: Identification of haploid callus. In this table the data were accumulated for 



all the glyceryl g 


yp ho sate (GG) levels. 


Ear 


XPP 


XPP 


XPP 


XPP 


identification 


positive, 


positive, 


negative, 


neg ative, 




callus 


no callus 


callus 


no callus 




growth^ 


growth 


growth 


growth 


A X 


12 


1 0 
1 A 


0 


0 


KKVpehA** 










A X 


3 


1 


10 


1 












*Calli showed growth at 0.5, 1.0 


and 1.5 mM g 


ycerol glyphosate. 



**For this ear of A X YJHIfpekA, 24/24 IES/calli were XPP positive suggesting that this 
line may be homozygous. 

*** Immature ears were harvested and plated on callus induction medium with various 
levels of glycerol glyphosate (0, 1, 2, 3, 5mM). Plated IES were scored for any callus 
growth and assayed for XPP. 

[0 112 ] EXAMPLE 2 
[° 113 ] Callus Culturing 

[0114] Haploid callus from corn line A was induced as described 
in Example 1 and grown on 201W medium (Table 3) at 
28°C in the dark, transferring to fresh media every 2 
weeks. 

[° 115 ] Stability Study 

[0116] t wo plates each of 10 different haploid cultures were cul- 
tured separately so flow cytometry analysis could be per- 
formed over time to look for spontaneous chromosome 
doubling in the callus. 

[O 117 ] Two plates of 201W, each containing 0.25 g of callus, 
were made for each of the ten callus types. Every two 



weeks, a composite sample of callus (3 pieces from differ- 
ent parts of a plate, totaling ~100mg) was taken from 
each plate for flow cytometry analysis. 

[0118] when the flow cytometry samples were taken, 0.5 grams 
of callus from each plate was also transferred to a fresh 
plate of 201W to continue the stability study. This process 
was continued every 2 weeks for 2 months. 

[° 119 ] In the first 4 weeks of callus growth, the ratio of haploid 
peak to diploid peak increased significantly. In the last 2 
months there was no significant change in the ratio of 
haploid to diploid. The ratio decreased slightly for six 
weeks, but increased again in the last two weeks. None of 
this change in ratio was outside the standard deviation. 
These data indicate that most haploid callus are stable for 
at least the first two months of growth. 

[0120] Growth Rate Study 

[° 121 ] Callus growth of 6 haploid and 5 diploid lines were com- 
pared for 2 weeks to determine whether or not they grew 
at comparable rates. All calli were growing in a very simi- 
lar fashion prior to the study and were plated on fresh 
medium 4 days before the beginning of the study. From 
each callus line, 0.25 gram fresh weight was plated on fil- 
ter paper on 201W culture medium with three replicated 



plates per callus line. The callus and filter paper were 
weighed after 6, 10, 12, and 14 days of growth. 

[0122] After 2 weeks of growth, there was no significant differ- 
ence between the amount of callus growth between hap- 
loid and diploid callus. The doubling time of both haploid 
and diploid callus lengthened with prolonged callus 
growth on a plate. There was also no significant difference 
in the doubling time of haploid and diploid callus at any 
period of growth. 

[0123] The callus used in the growth rate study was checked for 
the ratio of haploid to diploid cells before and after the 
growth rate study. Only one plate showed a large change 
in the ratio of haploid to diploid, dropping from a ratio of 
2.98 to 1. Otherwise, there was no significant change in 
the ratio of haploid to diploid peaks in the flow cytometer 
assay. 

[0124] EXAMPLE 3 
[0125] Seed Germination 

[0126] Seeds of haploid corn line D were kept in a desiccator for 
2-24 h with sterilizing gas, which was produced by mix- 
ing of 200 ml_ bleach (5.25 to 6.15% sodium hypochlorite) 
and 2 ml_ HCI. (Seeds can also be sterilized in 50% bleach 



[bleach contains 5.25 to 6.15% sodium hypochlorite] for 
20 min and washed with sterile water three times.) 
[0127] For germination, the kernels were inserted with the radicle 
end down into the medium. For germination MSVS34 solid 
medium was used (Table 4) (MSVS34 medium is CM4C 
Basal Phytagar medium with 3 mg/L BAP, 10 mg/L piclo- 
ram and 100 mg/L ascorbic acid). Seeds were incubated in 
16-hour day lighting at 28°C for 7-10 days. On MSVS34 
medium, the nodal area was expanded and no roots 
formed at the nodal region. This area with apical and ad- 
ventitious meristem usually produced the regenerable cal- 
lus. 



Table 3. Media used in this invention 



[0128] 



Component 


U »C U ±11. 

fcMS VI 


L-1L1> 111 V til I 

<6 M g PL 


MS /BAP 


MSOD 


609 RU 


623P 


corn 65 


201W 


MS salts 


2.2 g/L 


2.2 gL 


4 4 g/L. 


4.4 g/L 


4.4 g/L 


4.4 g/L 






N6 salts 














4.0 g/L 


4.0 g/L 


Sucrose 


20 g/L 


62.5 g/L 


30 g/L 




20 g/L 


60 g/L 


30 g/L 


20 g/L 


Maltose 








40 g/L 










Glucose 


10 g/L 


36 g/L 




20 g/L 










1-Proline 


0.115g/L 


0 .115 g/L 


1.36 g/L 








1.38 g/L 


2.9 g/L 


Casamino Acids 






0.05 g/L 








0.1 g/L 


0.1 g/L 


Glycine 


2 mg/L 


2 mg/L 










2 mg/L 


2 mg/L 


1-Asparagine 








150 mg/L 










myo-Inositol 


lOOmg/L 


100 mg/L 




100 mg/L 




0.05 g/L 




90.1 mg/L 


Nicotinic Acid 


0.5 mg/L 


0.5 mg/L 


0.65 mg/L 


0.65 m g/L 






0.5 mg/L 


1 .23 mg/L 


PyridoxineHCl 


0.5 mg/L 


0.5 mg/L 


0.125 mg/L 


0.125 mg/L 






0.5 mg/L 


1 .03 mg/L 


ThiamineHCl 


0.1 mg/L 


0.1 mg/L 


0.125 mg/L 


0.125 mg/L 






0.5 mg/L 


1 .69 mg/L 


Ca Pantothenate 






0.125 mg/L 


0.125 mg/L 










2,4-D 






0.5mg/L 




0.2 mg/L 




1.0 mg/L 


1 .0 mg/L 


Picloram 






2.2 mg/L 












Silver Nitrate 














3.4 mg/L 


6.4 mg/L 


N a- T hi o sulfate 


















Phytagar 






7.0 g/L 


7.0g/L 


6.0 g/L 


6.0 gL 


7.0 g/L 




Low EEO agarose 
















2 g/L 


ABA 












0.26 mg/L 






carbenicillin 












100 mg/L 






Na^MoO, * 2H 2 0 














0.000625 





C0CL, *6E 2 0 ~ 0.000063 " 

CuSQ 4 *5Hj3 " ~ " ~ ~ J 0.000063 " 



[01 29] Table 4. Media for the induction of seed ling- derived callus. 



Comp onents 






(stock c one.) 


MSVS34 


MSW57 


MS salts 


4.4 g 


4.4 g 


MS vitamin 100x 


10 mL 


lOmL 


ThiamineHCl (0.4 mg/mL) 


- 


1 .25 mL 


M altose 


40 g 


_ 


C a sei n H ydrol ysate 


0.1 g 


_ 


Casamino Acids 




0.5 g 


MES 


1.95 g 




Magnesium Chloride 


0.75 g 




Sucrose 




30 g 


Glutamine 


0.5 g 




L -Proline 


- 


1.38 g 


Post Autoclave additives 






2,4-D (1 ms/mL) 




0.5 mL 


Picloram (1 mg/mL) 


10 mL 


2 .2 mL 


BAP (0.5 mg/mL) 


6 mL 




Ascorbic Acid (50 mg/mL) 


2 mL 




Silver N itr ate (2 mg/mL) 




1 .7 mL 



- Adjust pH to 5.8 before autoclaving 

- Solidified with 7.0 g/L of Phytagar or 3.0 g/L Phytogel. 

[° 1 30] EXAMPLE 4 

[0131] induction of embryogenic culture 

[0132] The nodal area (~0.5 cm long) of seedlings was isolated, 
cut longitudinally and placed with the wounded side down 
on MSW57 medium (Table 4). The cultures were incubated 
at 28°C with a 16-h light photoperiod. After 3-4 weeks, 
calli were subcultured onto fresh medium and incubated 
in the dark at 28°C. Calli were subcultured onto fresh 
medium every 3-4 weeks until enough material was pro- 
duced for transformation. 

[0133] High callus induction frequency was obtained with corn 
line D. After one subculture, nice Type I callus was ob- 



tained. Of the available putative haploid seed, 25% was 
mis-identified as haploid, based on the color marker and 
confirmed to be diploid by flow cytometry (Table 5). Of 
the haploid callus produced, 80% was still haploid after six 
months in culture as determined by flow cytometry. The 
haploid callus thus maintains its ploidy over a sufficient 
amount of time to facilitate its transformation and the re- 
generation of transgenic plants. 

[0134] 

TableS. Tissue ploidy of seedling- derived callus from putative haploid seeds 
of corn line D. 



Flow Cytometer Results* 





Seed 




6 month old callus 










% of total 










adjusted for 


Ploidy 


samples % of total 


samples 


% of total 


diploid seed 


mixed 




5 


7.35 


9.80 


diploids 


6 25% 


22 


32.35 


9.80 


haploids 


18 75% 


41 


60.29 


80.39 


total 


24 


68 







*c alius analysis, based on seedlings cultured 



[0 1 35] EXAMPLE 5 

[0136] Bacterial Strains and Plasmids 

[° 137 ] Agrobacterium tumefaciens strain ABI was harbored with a 
binary vector, pMON30113 (Figure 1), pMON42073 
(Figure 2), or pMON65375 (Figure 3). The T-DNA of the 



vector contained a neomycin phosphotransferase II gene ( 
npt\\) and EPSP synthase (cp4) as the selectable marker, 
respectively. Both plasmids contain a green fluorescence 
protein gene (gfp) screenable marker, both driven by 35S 
promoter, respectively. 

[0" 138 ] EXAMPLE 6 

[01 39] Preparation of Agrobacteriwn for liquid culture 

[0140] t wo d a y S before the Agrobacterium inoculation, a loop 
from a freezer stock was added to 100 ml_ of liquid LB 
media with 100 mg/L spectinomycin and 50 mg/L 
kanamycin. This culture was grown at 200 rpm, at 28° C in 
the dark until the following day. The culture was spun 
down at 3565 g for 15 minutes, and the supernatant was 
removed. The Agrobacterium was then resuspended in AB 
minimal media (K HPO , 3 g/L; NaH PO 1 g/L; AB Salts; 

2 4 2 4 j 

NH CI, 1 g/L; MgSO " 7H O, 0.3 g/L; KCI, 0.15 g/L; CaCI 

4 4 2 

, 0.01 g/L; FeS0 4 " 7HO, 0.0025 g/L; glucose, 5 g/L; 
MES 4 g/L; pH 7.0) with 50 mg/L spectinomycin, 25 mg/L 
kanamycin, and 200 uM acetosyringone. The Agrobacterium 
was diluted to OD =0.2 and returned to the shaker 

660 

overnight. The day of the inoculation, the Agrobacterium 
was again spun down at 3565 g for 15 minutes and then 



resuspended in 602 MSVI plus 200 uM acetosyringone and 
20 uM silver nitrate. The Agrobacterium was diluted to OD 
=0.25 and placed on ice until ready to use. 

660 K 1 

[0141] Preparation of Agrobacterium for solid culture 

[° 142 ] Agrobacterium ABI in glycerol stock was streaked out on 
solid LB medium supplemented with the antibiotics 
kanamycin (50 mg/L), spectinomycin (100 mg/L), strepto- 
mycin (100 mg/L) and chloramphenicol (25 mg/L) and in- 
cubated at 28°C for 2 days. Two days before Agrobacterium 
inoculation, one colony from each Agrobacterium plate was 
picked up and inoculated into 25 mL of liquid LB medium 
supplemented with 100 mg/L of spectinomycin and 50 
mg/L of kanamycin in a 250-mL flask. The flask was 
placed on a shaker at approximately 150 rpm at 27°C 
overnight. The Agrobacterium culture was then diluted (1 to 
5) in the same liquid medium and put back to the shaker. 
Several hours later in the late afternoon one day before 
inoculation, the Agrobacterium cells were spun down at 
3500 rpm for 15 min. The bacterium cell pellet was re- 
suspended in induction broth with 200 uM of acetosy- 
ringone and 50 mg/L spectinomycin and 25 mg/L 
kanamycin, and the cell density is adjusted to 0.2 at O.D. 
. The bacterium cell culture (50 mL in each 250-mL 

660 



flask) was then put back to the shaker and grown 
overnight. The following morning of inoculation day, the 
bacterium cells were spun down and washed with liquid 
1/2MSVI medium (Table 3) supplemented with 200 uM of 
acetosyringone. After one more spinning, the bacterium 
cell pellet were re-suspended in Vi MSPL medium (Table 3) 
with 200 uM of acetosyringone, and the cell density was 
adjusted to 1.0 at O.D. for inoculation. 

J 660 

[0143] Reagents were commercially available and can be pur- 
chased from a number of suppliers (see, for example 
Sigma Chemical Co., St. Louis, MO). 

[0144] EXAMPLE 7 

[0145] Agrobacterium-mediated transformation 

[0 1 46] Transformation of embryogenic callus obtained from seed-derived 
meristem culture. 

[0147] Seedling-derived embryogenic callus cultures (5-8 days 
after subculture to new medium) of haploid corn line D 
were inoculated with Agrobacterium prepared as described 
in Example 6. Individual calli that were from 3-5 mm in 
size were collected into an empty Petri plate. Fifteen to 20 
ml_ of the Agrobacterium cell suspension were added to 
each plate, shaken, and set aside for 5 min. The Agrobac- 



terium solution was removed with a pipette, then the calli 
were removed to a new plate containing Whatman #1 filter 
paper. The calli were then moved to a second plate con- 
taining filter paper, spread out and the plates were sealed 
with parafilm and left overnight in the dark. The calli were 
then moved to selection and regeneration as described in 
Example 8. 

[0 14 8] EXAMPLE 8 

[01 49] Selection, doubling, regeneration and growth of transformants with 

paromomycin selection. 
[0150] After the co-cultivation, the callus pieces were transferred 

2 

onto two pieces of 2cm X 1mm thick 100% acrylic felt 
with approximately 25 ml_ liquid MSW57 (Table 3) supple- 
mented with 750 mg/L carbenicillin and 100 mg/L paro- 
momycin in petri dishes (100 mm x 25 mm) with 16 calli 
per plate. The plates were kept in a dark culture room at 
28°C for approximately 7-10 days after which the old 
medium was removed by aspiration and fresh selection 
medium was added to the plates. After two 10-day selec- 
tion periods, the old medium was removed by aspiration 
and replaced with fresh MSW57 medium containing 
0.025% colchicine. The tissues remained on the colchicine 
medium for 3 days after which the colchicine medium was 



removed by aspiration and replaced with fresh selection 
medium containing 750 mg/L carbenicillin and 100 mg/L 
paromomycin. This colchicine treatment has proven effec- 
tive in doubling chromosomes for corn line D haploid cal- 
lus (Table 7). 

[0151] After an additional two 10-day selection periods on selec- 
tion medium, the cultures were moved to a culture room 
with 16-h light/8-h dark photoperiod at 28°C and the 
liquid medium was replaced with liquid MS-6BA medium 
(Table 3) with 100 mg/L paromomycin and 500 mg/L car- 
benicillin. After 7 days, the callus pieces were transferred 
onto the second regeneration medium, a hormone-free 
MS-based medium (MSOD, Table 3) with 100 mg/L paro- 
momycin in petri dishes (100mm x 25mm). In another 2 
weeks, the callus pieces that had shoots regenerated or 
were still alive were transferred onto the same hormone- 
free medium in Phytatrays for further growth. Regenerated 
plants (R q ) when they reached to the top of Phytatrays and 
had one or more healthy roots were moved to soil in peat 
pots in a growth chamber. In 7 to 10 days, they were 
transplanted into 12-in pots after determining by flow cy- 
tometry that they were doubled haploids. Using this pro- 
cedure, 23 transgenic events were produced from a total 



of 528 pieces of callus exposed to Agrobacterium and se- 
lection on paromomycin (Table 6). 

Table 6 Corn line D callus forming shoots after colchicine treatment. 



P MON# 


# calli in 


# events with 


(selection) 


tfn 


shoots (TF%) 


30113 


192 


14 (7.3) 


(WPTH) 


336 


9 (2.3) 


ave. TF 




4.80% 




276 


18 (6.5) 


65375 (CP4) 


300 


8 (2.7) 


ave. TF 




4.60% 



[01 53] Table 7. Ploidy level of a random sample of corn line T> control calli demonstrating 
success rate of chromosome doubling with colchicine treatments. 



Haploid callus 


Haploid 


Diploid 


T etraploid 


line* 


plants 


plants 


plants 


S33-E2 


33% 


67% 




S49-E1 




100% 




S41-A1 


50% 


50% 




S42-B4 


33% 


33% 


33% 


S55-B1 


33% 




67% 


S43-B1 


17% 


50% 


33% 



[0154] Glyphosate selection and regeneration on liquid medium 

[0155] After the co-cultivation, the callus pieces were transferred 

2 

onto two pieces of 2cm X 1mm thick 100% acrylic felt 
with approximately 25 ml_ liquid MSW57 (Table 3) supple- 
mented with 750 mg/L carbenicillin and 0.1 mM 
glyphosate in petri dishes (100 mm x 25 mm) with 16 calli 



per plate. The plates were kept in a dark culture room at 
28°C for approximately 7-10 days after which the old 
medium was removed by aspiration and fresh selection 
medium was added to the plates. After two 10-day selec- 
tion periods, the old medium was removed by aspiration 
and replaced with fresh MSW57 medium containing 
0.025% colchicine. The tissues remained on the colchicine 
medium for 3 days after which the colchicine medium was 
removed by aspiration and replaced with fresh selection 
medium containing 750 mg/L carbenicillin and 0.25 mM 
glyphosate. After an additional two 10-day selection peri- 
ods on selection medium, the cultures were moved to a 
culture room with 16-h light/8-h dark photoperiod at 28 
°C and the liquid medium was replaced with liquid MS- 
6BA medium (Table 3) with 0.25 mM glyphosate and 500 
mg/L carbenicillin. After 7 days, the callus pieces were 
transferred onto the second regeneration medium, a hor- 
mone-free MS-based medium (MSOD, Table 3) with 0.1 
mM glyphosate in petri dishes (100mm x 25mm). In an- 
other 2 weeks, the callus pieces that had shoots regener- 
ated or were still alive were transferred onto the same 
hormone-free medium in Phytatrays for further growth. 
Regenerated plants (R ) when they reached to the top of 



Phytatrays and had one or more healthy roots were moved 
to soil in peat pots in a growth chamber. In 7 to 10 days, 
they were transplanted into 12-in pots after determining 
by flow cytometry that they were doubled haploids. Using 
this procedure, 26 transgenic events were produced from 
a total of 576 pieces of callus exposed to Agrobacterium 
and selection on glyphosate (Table 6). 

[° 156 ] EXAMPLE 9 

[0 1 57] Type II callus derived from IES of A and C 

[0158] t wo independent calli confirmed to be haploid by flow cy- 
tometry were used for Agrobacterium-mediated transfor- 
mation of type II calli. The two haploid cultures were sub- 
cultured 7 days prior to transformation. One gram of cal- 
lus from each line was added to 10 ml_ of MS FROMM liq- 
uid medium in separate Corning co-star 6-well plates. 
The medium was pipetted back and forth to mix the cells 
well and to break the clumps. After removing the media, 5 
ml_ of an Agrobacterium suspension in MSVI (Table 3) at 
0.25=OD was added. After one hour of inoculation at 
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room temperature in the dark, the Agrobacterium suspen- 
sion was removed and the callus was washed in 3 mL/well 
of MSVI. The callus was then transferred to a 60mm petri 



plate with three sterile Whatman # 1 filter papers for 
about 5 minutes. The callus was subsequently moved to a 
100mm plate with two 50mm filter papers, 100 ul_ of 
MSVI was added to the center of the filter paper, the plate 
was sealed with parafilm and then incubated at 23°C in 
the dark for 24 hours. After the 24 h incubation period, 
the filter paper was moved from thelOO-mm plate to a 
60-mm plate, and 7 ml_ of 506RRVMMWW (Table 8) was 
added to the plate. The medium was then removed after 
60 minutes, and the filter paper was moved to a 100-mm 
plate of 506RRVMMWW (Table 8) for a 6- to 7-day delay 
before glyphosate selection. After the delay period, the 
filter paper was moved to 505WRRMMWWJ medium for 2 
weeks for selection on 1 mM glyphosate, which was fol- 
lowed by a 2-week selection period on 3 mM glyphosate 
(505WRRMMK, Table 8). Diploid cultures, used as controls, 
were handled similarly and at the same time. Several sta- 
bly transformed sectors were observed and isolated. All 
except one callus piece, with 3 to 4 CFP positive areas, 
were lost to Agrobacterium overgrowth. This GFP positive 
clump was amplified on corn 65 medium with antibiotics. 
Using flow cytometry, the chromosome number was 
checked and was found to be haploid. 



[0159] Several GFP positive, haploid pieces were treated with 
0.025% colchicine, for chromosome doubling, for three 
days, at 28°C in the dark. These pieces were amplified on 
corn 65 media (Table 3) for 5 days and then transferred to 
medium 609 (low pH, Table 3) for somatic embryo matu- 
ration. Plant regeneration from these calli was achieved. 

[0160] 



Table. 8. Media for immature embryo -derived Type II callus transformation and 



selection. 



Component 




g/L final concentration 






506RRWMMWW 


505WRRMMWWJ 


505WRRMMK 


505NMMK 


KN0 7 


2.830 


2.830 


2.S30 


2.830 


(NH^S0 4 


0.462 


0.462 


0.462 


0.462 


KH,P0 4 (m onobasic) 


0.400 


0.400 


0.400 


0.400 


Mg£0 + * 7H 2 0 


0.186 


0.186" 


0.186 


0.186 


CaCl 2 * 2Up 


0.166 


0.166 


0.166 


0.166 


ZnSO + • 7H 2 0 


0.002 


0.002 


0.002 


0.002 


MnSCU'-tt^O 


0.0100 


0.0100 


0.0100 


0.0100 




0.0030 


0.0030 


0.0030 


0.0030 


KI 


0.000S 


0.0008 


0.0008 


0.0008 


NaJvIoOi *2H,jO 


0.000250 


0.000250 


0.000250 


0.000250 


C0C1 2 * 6H 2 0 


0.000025 


0.000025 


0.000025 


0.000025 


CuSO, *5H-0 


0.000025 


0.000025 


0.000025 


0.000025 


Naj-EDTA 


0.037250 


0 .03 SlJ 0 


0 .0 3 / 250 


0.037250 


r eoU^ ' ti Q U 


U .Uz /5JU 


0.027850 


0.027850 


U .Uz /5 jU 


Sucrose 


in nnn 


20.000 


20.000 


i-i n fi 
ZU .UUU 


vitamm free casammo acids 


n r nn 

O.j 00 


0.500 


0.500 


n -r n n 

0.500 


T- 1 +" I'll 4 +~i 

r i uniit- 




1 .380 


1 .380 


1 isn 

1 .JOU 


2 ? 4-D (p.l m g/ml) 


15 mL 


1 J 1IL L- 


1 *; *t, t 

1 _■' 111 L- 


15 mL 


Post Autoclave additives 










Glue ose 


10.000 


1 n nnn 
1 u .u u u 


1 n nnn 
1 u . u u u 


10.000 


G ly cine 


0.000 


n nnn 

0.000 


n nnn 


n nnn 


i m oitl in? n vL 


U.UU U4J 


0.00045 


0 .00045 


n nnnd^ 


m lcoumc ncio 


n nnn?n 

U.UUUZU 


0.00020 


i~i i — 1 1 — 1 1 — i - — ■ i — i 

0 .00020 


n nnmn 


r yi iu ua me n. '_■ i_- 


n nnn^n 


0.00020 


0.00020 


n nnmn 


D-B iotin 


n n n ri 1 n 

0.00010 


0.00010 


0.00010 


n n n n 1 n 

0.00010 


L- holme Onlonae 


n nn n 1 n 
U .UU U 1 U 


0.00010 


0.00010 


n n n n 1 n 
U .UUU 1U 


Calcium Pantothenate 


n mini n 


0.00010 


0.00010 


n n n n 1 n 
U .UUU 1 U 


Folic Acid 


n n n n n ^ 

0.00005 


0.00005 


0.00005 


n n n n n -c 

0.00005 


p- Aminobenzoic acid 


0.00005 


0.00005 


0.00005 


0.00005 


C H Vi i~ifl il +"■ 

ulu Ulla vlll 


0.00005 


0.00005 


0.00005 


n nnnn-s 

U .UUUUJ 


Cyanocobalamm 


0.00000015 


0.00000015 


0.00000015 


ri ri n n n n n i jt 

0 .00000015 


P!i1vpf Nitrate f"? tTi p/m T ^ 

kJ XX Y U X XIX LX 'J. L-L- 1. jli XLL £LT XL L i ■ 1 


1.7 mL 


1.7 mL 


1.7 mL 




Carbenicillm (40 m g/m L sto ck) 


25 mL 


25 mL 


25 mL 


18.75 mL 


Timetin(10 0mg/mL stock) 


1 mL 






Ticarcillm (1 OOmg'mL stock) 




1 mL 


1 mL 


1 mL 


V ancomycin (50mg/mL stock) 


2 mL 


2 mL 






Glyphosate (0.5 M stock) 


2 mL 


6 mL 


6 mL 



[0161] Transgenic Plant Analyses 

[0162] The plants were grown in a greenhouse under appropriate 



growth conditions as described above. Many of the plants 
were fully fertile. Each plant was examined by assessing 
GFP expression in pollen grains or by Southern hybridiza- 
tion analysis (Southern, Mol. Biol., 98:503-517, 1975). 
Several of the transgenic lines produced plants that shed 
only GFP expressing pollen, which indicated that these 
plants were homozygous for the transgene (Table 9). 
These results were further confirmed by southern analy- 
sis. 

[0163] Table 9. Pollen analysis of R0 plants from transformed haploid corn line A callus 



Date 
Assayed 


Event 


Intact GU5 
negative 
pollen 


Ruptured 

GUS 
negative 
pollen (1 ) 


Intact GUS 
positive 
pollen 


Collapsed 

GUS 
positive 
pollen (2) 


Ruptured 

GUS 
positive 
pollen (3) 


Totals 


DH143-7 


0 


0 


56 


2 


3 


Totals 


DH- 143-45 


0 


0 


121 


4 


7 


Totals 


DH143-47 


0 


0 


28 


12 


25 


Totals 


DH143-45 


0 


0 


481 


9 


50 




Controls 












Totals 


A634 Control 


287 


11 


0 


0 


0 


Totals 


LH59 Control 


474 


12 


0 


0 


0 



(1) Only clear outer sack of pollen grain remains. 

(2) Pollen qrain's contents intact, but has shrunken appearance. 
i;3) Only 



